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among input lines of a crossbar high speed switch fabric is discussed. By means of a round-robin 
communication scheme, a systematically ordered sequence of visits to time slots can be obtained 
regardless of whether the number of scheduler modules is even or odd by framing the time axis 
and using a priority matrix to reserve future time slots. Further, a Carry Over Round-robin 
Pipelined Scheduler (CORPS) achieves scalability to a large number of ports. Moreover, CORPS 
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suited to the support of Quality of Service traffic, since the choice of the queues to be scheduled 
is arbitrary. CORPS limits itself to resolve, in a fair way, the contention for output ports. 
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X^Vi-^tSr^r-fS. #Xtya-;Ry'a-^ 

ott&>\1ix- vtxyi;*- y y^-ts . x^x'a 
-;H£^*jl— Mi. ^^'jl— )VfaX*x*V a.— y 
•y-b-^SrSJ-ftiU #X^^-;^^'i-;Wi. S 
SkX^^i-/^^i-;^#^ai^,-K- h KT?-feX 
Lidfc-T&^^-f Axo-y X^>f 

j^SKX^^ a-yRyi-iW: J: ^xmtfVteixX 

^ifrt'ofr. m£m*&>?4J*xn-yhiJ t m±ztix 

^tfrb'oi)\ AVwi£m*0f4£.xn-y h#ffi<7)X 
*r y'a -;U^E: is Z.-MZ*. ->XJR htlX ^Zfrt'o frlZ 

m^x. mzwiwf4J>.xavhtfimfrk'ofrt: 

WBrfl.. Whtc^. x^rV^-iV^J^-Mtmi. 

- V\zmiM*<r>?4 AXP >y htmhlxtz Z\ t *7fi-t 

[ 0 0 3 0 ] x>f •y^x^xj.-^Ji. m!£l$*<9? 
Axo y h*^$itT^Sfc#X{ilX^>^T^St 
SC. fjfB^3R«0^^AXD>y h^J9r®gcco^^f AXD 
•yh!t*{tfjjt$^S. 

1 0 0 3 1 ] x4 -y f-ii, i?teaj^^- hco-eitwc 

*f LTSiJ^O=if ZtiMihlJ* ±-4 
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yt\im.x'$>hzti>'*fmx'h&. x4*,+ 

H o tfyfcafcft vcJBjgfflasK- h 5:8111? 

[0032] *^<0^2Oa^(C i^Uf . X4 -y f-<?) 
«S<7)A^-htfJ«-ri.A^^-y b£*4 yf-O 
1t&<DJfi;Jjtf- h J; o Izx-yiS*. - V >7-t 
mifi&mtit. ZZX\ X?iS*.-yl±. 1t&<Z>A# 
X-YXTi'j.-^i'x.-iVZJfth. znimi. 

a) SXy-y i -/Wi''a-W\ HUCDX^i/jl— /l^E 
Vs.-AfahX'rXa.—V >7* -y -t-^SfTtS^ 
■r-zTb , 

b) l5l3Sx^^a-;^> ? a-/P*>\ fifie«gt<7>aj;tj 
Axn -yh istn-f&XT y T . 

c ) mmmnfj Axo-y Mcsitiasjaicxsrs; 

■a. — 'J J: o {z tmtmcoiiiJ}*- Y<r>dt><r>l 

^mm-tx^r-vrt. 

d) mwmmm Axa y h^'ffies^^^jL-^ 

&XT-y7t. 

e ) m&&&>9<< AXa>y htfmmxriSj.-H-* 
•yTfc, 

f ) mlB^<7)^-f A^Q-y h*mit$*rOvS:^*§ 
-f-yTfc. 

g) miWfc094J*Xav h*K m<r>xr : Jsu-j^ 

i/a. -mz i -? t mzisi htiz^h *>x« luiesx y $,* 

lE^vj.-'Jy^-y-t-i'**^ usetiWfr&m: 

h) mwmLm^mzm^tix\.^%^. mum 

3m? A AXn y h $rffljh«©tc^LTXr y7-dfc 
KSXr-yTfc, 

i ) frlB^j8LK^A^i&$fxT^=5:v^. luffi^ 

i*\ ^!SL75^S:Hr>yhtT. Xx v TdlZUhXr 
•■/Tb, 

j ) f5fM3*«:M &Xa<y VW1fo<r)Xl- : Ja.->V*:i' 

x-mzx ~>xi8.htix\ ^^uiimwkco 9 -i 

AxavhtW*). miWk<r>?4J±xvyVtmt>ti 

tzz t ZTF-ttiffltmix-ri;*- u -y-b-^-(c 

MxhXf-/7t. 

k ) fflB^.^^a.-'J >^ -yt-iSZaWXlriSj.- 
>l>^ ; Jz.-MZW.tX7--/7t. 



[ o o 3 3 ] juswa*^- h tm txxn-thf-9 
&&j]x-hizttLxm*cD*zL-tim^&&M 

#- uzm-ifiMitiJ)*?.-4 v?\m<r>x- y\,zn 
•fhmHSte&fi** -4 yyt itm.x-f> h. tti, 
Buie^ai^=¥jL->f >y<r)-v-t'xi>-hit^'W*i& 
*»oi»«r8eT*s. xiri;*.-?^ nx-m^yy 

[0 0 34] *^c7)S3<7)ffi^lCj:il^ *y J>«7- 

? tzimh^—ra)? u-znm^ &x4 mm. 

*-h<r)ohc>m%liijl#-h'^T-?ZmhXolz. 
t5!e«gt<7>A2j;K- hOd *>Ott5£<9A:>Jtf- h *X? 

va-'j y^-fS Nfflc0«j&C7)A^-K- hXy-y'a- 'J 

it. lifiBX^y'jL-^ti, mfle&A^-hx^ry'jL- 
d yr«^^$/t, ^ A AXO -y 

b . hx?isjL—y y?^ 

i)K mW)x>ri;3.-yy7^j3.~-)Vh>L>^ hh^-m 
?4J*xn-, h(?r¥>$)mLtmt:%m t , &AJ}X- h 
X^ry'j.- >) yy^JjL-)H}\ Zcryfft? ^ AXD -y 
b fcfctt i, SitA^- h x*r V a- u y 
*^«7)y\-^.yh^aj^^I5$r^5gL. #A^1?-hX 
Tit^-V yy^ : Ja.-)VtK mWL<r)X7 : J3.-vyf 

*is*-)Ui>^%mLtz^m®Limiz. ux^j^- 
[0035] mm^x^x-yiy^-v yy^i?3.-)v* 

S7P-AS:^LT. 15127 l^-A(^rtT\ H7 

[0036] jjEx^-y'a-u yy-ymt. 

a.) m^xr^jL-f^Jji—MK mnxr-J*.— 
tvSiVa.-MrtzX'r yy* yt-isz^mt 

b) mim&nx'ri; z.-i^j *.-)vi)K mmm?) 

ft**- h <0 ? *><D 1 7? -fe X L i 3 b f S#*<0 
^-f AXD -y hSrW^U-Art^^^'f A^D 
•y Mc&STf&Xr -yTi:, 

axo y hT'^fiffltcx^-y' i- >j yf-f&X o lz 

mmtixTv7b. 

i-M: J: oTSltcJR 4>iiT i ^ *»fc* d JBrf Sx 
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A MD7 r-£BX9. mW8*<r)9AJ*XUyYtimt> 
hfzZ b Zffrtfiimmsixt-y-^-V »,±- : J 
fcA*iSXry7*fc, 

/l^E v a -/WC^-f -y 7" s 6 . 

[0 0 3 7] JJBx^'A-uy^^i. 9 

ass) mamnffliffisein 

[0 0 38] &tz. dox^r^jL-uy^^rffitt, fig 
A^-hx^A-yy^ioL-rt^ 71^— 

[0039] ±ibx7-^a- y y^^rffiji. *>&4i. 

&NxN-?hV?X£m&t&ZblZt~iX. m&co? 
[0040] 

ML) 7«7yHnh*> )MT=yAv- xfit*-? 
(Carry Over Round-robin Pipelined Scheduler, tclT 
CORPSfcV^. ) t±, *3t?TtXrt7T?\)v9tl 

-5e>fs\m&zMm-tzi>co?$>&. corpse n 

mthx?-yt'VT<<?)t:ibt,z. X -y-fe-i^LS- 

G?httWLT-*T?7-*WMiRZtiz>. mz. RRG 
[o 0 4 1 ] *»mcj:mr, fiffaiffi^mtcN 

ffltfWHtt&XO -y h5DT*6XO y h 7 U-AfcftS! 
L/C, B^ffiS: 7 W-AcD?IJ M^I-SX^-^a 

fethtzMz. &itr?hv?xi mi-?h. NxN®5t 
txcomtttlzWiti&y^-Jifinxvy YH>f? 

xtmtx^h. -vbvfxemmit. t'osmK v\ 

4 yT7xiz£~>X7j<21xld:y\/-J>ficoxa-y h£ 
rfflxZ> (visit) j ^j&'SrfeSg-tS. 
[0 04 2] @7«4X4gft-?hy?X£?Kt@T'J> 



0. @8<i. 07^Uc-7hU^X(;*ttSAM7'7 
^754yft£*ut^7o-fex{2, g5tvHJ?X 

(vmizmz^ztiT^zztizimt^Thz. m 

tli. isX^J^am&irtJA Axo-y Vim.yv- h><F> 
I2XD7K'Wkl. SM# 1*^7P-A^4 
XD y McR-^Sxy i/'j.-'J y T'i&eS: LT^SS 

y^-yy^SfcgSrLT^S. 
[ 0 0 4 3 ] h y ?x£&ffl-f&:: i: CJ: 0^(S 

PUtf. 71^-AFl{;fc{tS#SM<0irfft 

«a-rat. ^sM^x^a-yy^ftsgsgii. 7 
v-kv \<Trtmx''<mizmh%ti. x*i?*.-yyy 

ftfeZftd 9 A AXO -y h<0^HllH^«T8-*T 7^T 
6-»T5-*T8fc&9, 7U-AFl<7)5|^T^tC^ 
Cltlti. 06(C*L)tRRGS{Cfclt*^>f A 
XU-y r-EIHW! 1 (Tl 0. T8. Tl 1, T9 • • 

• ) timixmmmizK-ix^h. zcotz#>sM<om 
mmf$im*®%<,z%;2, . mz. n x n^v hv?x 
itsMco®mzmLxm<7)wn%<. m-mmtzx? 

UXD7 K^JSHWB^Ir^t-rS. 
[ 0 0 4 4 ] 09ti 5 X 5fe5fcV r- V 9X* ^tmX'h 
*). HlOti, m9\,z5nLti~?b>)9 X\,zn-?&>U7 

yikZtitz?AJ±xu-y hmmmjfzm^Lx^ 

Z>. y\s-J*+rAX\t59AJ±ZUyYttchtfi. N = 

4<o^tiii«(c. ^>fA^o.y vwmft\imm% 
jl- y yy&feZ'tro 9 a axd <y yvmwmtw 1 

0-*T9^T8^T7^T6-Tl Ot^O. 7U-A 

f 1 o^T-isi^^T-ri. . s Mnmazmtxm 

<7)|ES'J$r< ^-ffiffl^T N X Ngft^ h y ^Xi&ffl^T' 
RRGSbHMlXSMvmmRXSmWtf® 

ZHztch. 

[0045] NxN®5tvhy^x«. amf-x'fy^ 
•y-t-^mLcomt^mz. sMemzm&zit&z 

btzXiX&j&ZixZ. ZtiizX*). kW&SMtf^ 

mzx'KSj.-y yrstuzx- Hzmt&mmzm 

izft&ZbtfmtZtih. bhSMfiK m<0 r|fe|3]^(v 

isitor)j (flD*>, 1 ?A AXDy hffOSM) lZ£r> 

xmzmiftitztitfjx-hzmxzbzmimtf. ny 

V a >-Sr^tH]jg^^ i b ifX'% h . 
[0046] BUtOJSfc:. B$ia«l2r7lx-A'ftLTS 
ifevhy^^Srfflv^^iSrfifactfcJ:'). SM<oi 
atc^LT®^KSiJ^< 9 A AXD-y hjSIUffiWi^ 

[0047] jgtc, *^-c-«±. ^ar-^x^^-va 
^ y^-is^Liittmi^'yAWizmth 
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WMLX o t LfcXu >y h^^*CNXU -y h 

#*ftt*^*-b^x*y*-yy?i^£iS9a^fc 
i} { itme>tiX i^ao -y h £ jiotfa £T'5E(cnx 

o-y hftfcjttf. 

[0 0 4 8] 01 Hi, SS^X^A-^iot.-rt' 

sM(7)H-c<^stiws:09*-r5i«BB0-e*)i.. mm 

Lmfti. 5-tt>tUz?4&xuvHzt5^X r «3§L 

fc**T'£S. tsj8Lim*:J:oTi*#£ii.&Xn-y h 
U. n'Jv-'aV (trig) Sr^-T&^tcJX^iiSxo 
•y b<7>*£ (UTF. n'Jy's^-b-y hk\^o. ) i: 
^-r^fc^'T'^S. SriJ. tiiSLIM£££ft*:xn.y 

xo >y Mi. iifcWCSrfc&n y 3 n V V 

a y»^-«r -y vongzm&z^m&tfbz. zti 
a. y v a yzim-titiiibizwmny v- 

[0049] yxf^t ys$&fr£mr*- s 
(c**^-y v*<»*jfltt**fc*>fc. ^stiw 

£«8t<?)Xn y h tc^oT laltifijj^'-KcjtLT ffi 
<OX^'a-y^£L£VUot;:»£ix&. Bil^- 
tUti . 1 0<7)XU -y |31KfH1ffla«7)3 'J yaV^I 

^SidWiffifflSix^. 
[0 0 5 0] 0Ufcf. SMa^ ^-x^ix/^-hpfc: 
J:oTJ]X^ta:xnyhrn£ji.o{t. J: OJiiSL 
tWfr^y#£*i£fc[55£1-|». ^^SLiJ^fe* 
fcLTSMaKioT^SilJtXO'y h£mxfc-t 
&. XO>y hmn ( l^n<x) OWfiti,, p|t,-Jf— 
hpCoVvtJiSMafcfcoTfJWF*T (ffljt. 
*>7) fc&5. i->T. ^<7)fflih«IH±, 
Xo -/ hfcR*&«»tf>3 y v' 3 >tfm±2tih Zti 

[005 1] CORPSX^SoL-'jy^T/l-rf'JXA 
[0 0 5 2] &-ttl-XVvbX\ f-x-fyfiO&SSM 

SMtcatsftsx^joL-y y^^gs^K 
9Y)\s*%m-?h. S*»*-3*i. tzfrtz1i*mk<r>N 



i«^D7 hT&Sftfcx-^x— y >":/&£<ox 

^i-DyygS (scheduling element. OTSEfc 
IB-T. ) Sr^tf. T^irfc*,, S* -y-b-^i. 

[0053] 01 2ti. S^7t-^7t-?7hJ 

i-U>^^SEIi. ^S(TTL : Tiie To Liv 
eh r- I D (TS I : Tine Slot ID) . S 

M- I D. &tftti7J5K-h I D ( OP I : Output Port 
ID) frhtch. 

•ff^l^(TTL)li, ^MSE$-^jSL^SMtJ:o 
XmHZNlZ±-ybZtlh. 

■ (TSI) <i. m&cr>TS 
Axn-vM 4>WD7 htfx^ioL-yy^ixSt 
T'<9xo y hstt LT^a?ix&. xys^-y y^s 
itSxn-y h<0lDX-hh. 

■ sm- i dji. x^^-yy^i^^LfcA^-K- 

•aj^-hiD (OPi)ii xiri; J .-y>7Zti 

ita^-bcoiDX'hi. 

[ 0 0 5 4 ] XU v V <?>m>Hz. #S M«i5feff-r h S M 
O-yhfcttJt^tt^SE^tf. &^t9>SSM<i, ^^f 

axd -y h o i mox^'j,.- u 
Srffp. stAptfxiri;i.-v yrmfezfioms. s 

M pJiOTO|*l§Sr^r-tl»«i Lv% S E Sr^-TS . 
[0055] • TTL=N 

• TS I =m&nxx3»; YfrL.mlSiZiXtz-? 4 AXD7 
Y&X'V) (ZtlZists) Xa-y hcOffl^m 

• SM— I D= P 

• OP I AXO-y h (CTS + m) fctJJtS/^ 
«y b*^^- b p *^{1J7)^- h q t^cJft J: o 

[0056] X^^'a-'J yi/^(C*>*^ii>-r. #S 
MJi. ijCtfOSMtC^'y-b-vSrS-tfflC. S^-y4z:-v' 
rtOftllO-f^T^SEWTTLSrT^'J^yhL, TT 
L=0<DSE£|g£-t&. 

[0057]#SM(i, (N+l ) NmeMWi-kts* 
«0X^-ya-U>7'^$:ieiii-rs. Cix^OiaSIi. 

s \A<mx\ my v-i* izmt& 

IrU ^<r>h*n-fi&X'9ux/<.ayvv3-=7\ l zZ.r>x 

T9±xzti%h. mmz^m. smii zemmz 
7-~s*.-v y^m^imi-htcMz&m^tth. 

'J T U^f <iWT<07 * -V >y h £ 3rt -& . 
[00581013 £Srf <fc o tC. mT<7)7 -)V H*< 
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• 94 AXUybl D : SCTV4*J>)4 >T?AX'$> 

s. :nn sc{as#*^*x-y^fim££*H- 
jL-;Kc«t ->tl?ft$^^D-A^? o -y ? fc |3J8ft- 

[0059] • m.± (Blockage) : ZtlltSMtfZlr is 

[0060] • =f$3 (Reservations) : ZtUiS-z. hit 
-fS. CORPSE INAXD 7 h (CTS) KS* 

mzhtiom-x-hzztimt-tz. fe->x. 9ux 
&<r>Aftj}x*i;*- y yy*w*-\fctz t & . 

X'Z<r>y 4 -)V Y ZHMtZ Zblz£9. 9uX)^J 

[006 1] CORP SX^yq-'J >m J'J 
£SMJ±. ZZ.X'WRt&CORPSX'ritz.-Vyy 
T)VH)XMZ®.o. CORPSCIl H-thtlfzSM 
tfk'Wtijl*- h SrX^Sou-y y?L&. o t-f 

m&®m\i&\ f<o&j]X-hzxi-i;j.-»yr 
ikot-t&twmmii. zsMiztfrZix. two 

Qfc^-t^6ira<D#y v-fcft?. Hl4{iCO 
RP sx^i/j.- y y^rn-^ 'J Xix£jjcf 
-r-T-&£>. OT. W!)?7?^l 0 1-1 1 Otco 

[00 62] 5fr3\ *X71 OlfcfcWC. lu<0SM*» 
t>S*vt-=S£%mL. S-SEKStfLTTTL (#^ 

us®) mwyhts. mtz, s-itttuzsEizit 

LTTTL>0^^-fc»i. TSI (:MA;*n<y h I 
D) &T?V*yhL. TSItfctt&^yTWS 
CS-SSrtS. TTL = 0«0^t«. *<0SE£S.X 
>y-fe-^>£>$s£-f.&. =¥-V'J- (CARRY) 

77/SrCARRY=FALSECU-fe7 r-"fS (*X 
7 1 0 9#S») . 

[00 63] SEW?. 102 (mfXa-v h<7)st 

%) iza^x. m%%f&??bv?x$:m^x. a<rm 

%&>94J*XVy V ( FTS : Future Tine Slot) *X 

«>, -5-0-7r-y^X(i. FTS=f (CTS. SM_I 
D) (DMomiflzjLya-YZixdh. 

[ o o 6 4 ] s Mtfmmmizb'wiijjx- h ( o 
pis) %xri;3.-oyfi£ot-rifrzmiR-rh 

biMm-hxhyy-^i. m<r>9 x9 mm,z>m--$ 



&*Jtm#$>&. CORPSjidOXr-^x^f&^L 

mm. &jj*-b(r>m*-my'}yYv\zyM. 
ttfiWQtimx'hh) . 

[00651 «Wt, SC (FTS) Of»xyb»J<0 
5*>t\ SM- I DifiZCOXT-^A-Uy^mrth 
S Mt^ t H *><W$> 3 *»5r*tC^-x -y S 

(?X? 1 04 : XP y h£S#*W#LTV^*><0-r 
Ah) . 

[00 66] *>U SM-ID^Wi-ijy/ 
*mrt h SMfcg&S&^f ( 1 0 4<9N 
0).JE& % SC (FTS) COf8±*ybO<Do*>T. 

opi (aj*^-MD)*s. x^-A-yy^st* 

•O^tBTJtf-r-OP I S(;:l£U^a*&l>a>£; drt» 
£f-x-y:?-fS (?*:/• 105: SWil&iLSfrO^ 
tiWrX V ) . 

[0067] g^rtfffiitSiXTUS&^fcf ( 1 0 
5tf)YES) . S^7-fe-yJiiC<7)SMl:It (?X:7 
106) . 

[0068] UMm±Z1XX^j:\v%t>\f ( 9X9 1 

0 5ono) . sc (fts) cr>^^ybv<r>d*> 
x\ opi (saiif-HD)#. x^'jL-yy^* 

IS^TV^aS^-K-hOP I StC^LV^t,<0**S>5*»i:* 
0*»Srf-x-y7-fS (^X^107 : *<DXO-yM4IR 
^TV^*V)xXh) . 

[0069] -eoXQ y h*S|X/i>ixTV^V^(C{i 
(Wl 07CDNO) . SC (FTS) (C. ggiOS 

M- 1 DSr* top I *50P I SK^Uvfr&xy h y 

Sr^U. TTL = N, TSI=FTST\ SM- I D 
{4ee<^IDfc^L<, OP I=OP I SX'h&SEt 
&&&& (9X9108 : Xn ybiJRZ) . 
^X^106 (S^ y-b-^COgft^L) A.jttf. 
[0 070] imnvhSIWtUl^ 
(^X^ 1 0 4CDYES) ftSV^i^^n^y htfmz 
Mt>tlX^&%& (9X91 97OTES) {Cli. 

C ARRY = TRUE/FALSEfr^x -y 9~t&. C 
ARRY=TRUE^di < SC (FTS)<7)ffijd: 

y-c-^Ylz, oPi=OPis<oxyhy$r^L. 

* 0 T'^rV Ute&tt C A R R Y = T R U E iZ ± y b L . 
5gt, FTS = FTS + N{CH: y bt& (9X910 

9 -.mmi) . 

[0071] 9x9i 0 9(0:0 mmLfmtfmfizti 

It. m^xm£&+x y9tffifrix& (9X911 
0) . Bite, FTSIi. CTS*^2N2«fcOS<tCl8 
tlXit%t>&K (FTS-CTS) >2WX-t>hm 
^(9X9 1 1 0ONOK) , X^-^ y-b-v-'S-ajL 
X%m**±?Z>. FTS-CTS) g2N^(C 
ii (9X91 10<7>OK) . 9X9104'\m&. 
[0072] CORPST^^yXA-Srfflv^^tT'Jil 

Tomm^iz. A y7o^*>svoQji, mm 
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&Zblt&\ VOQqtfSMplZXiXMSlZtl&t 
ffitt&b. 014fcJ:ftif. SMpfr'qi^Xi- 

y Z b lzm)rtrFlz^¥)>l~-T£&vm-'CO 

mx-tzxuv hizm,xm±ztix^&m$x' 

SMptffljkZtlX^htli. * i-q*W^ 
*iS*-V>7ZtlX\^ZbZm%?ht)K MTOjH 

izim-t^x-hh. ju-nmt&i&nw-cDmst)* 
s M«Jt*»/i*>NfflTi> o , ^s^03 y its >\tw 

±^m£izX~>xm±Ztihfzib. )V-Ti^zer>Xo 

tzixmihzbii&w 

[0073] Uttfctof-hqSra^LTXirioL-y 
>7L£5bi-&m®<?>Af)X-h ( SM) co-fey h£ 

- h q C*t LX S M i fcj: r>XX*rV*.-V >?%ixh 
XD'/b^lSiini' (At) fc-fl>. Xjr : JjL-y 
it. &M<DWmA tRVi , j eMtxtLT. 
I (At) -njo (At) | 

m-7i7 (m-^F) fJ>SfcV^. J& 
ft*Uf. SMJi, ffico^-fiiwSMJ:0tl5(cN(Bco 

[0074] CORPSli, m-&¥ ( Km^N) T 

ztixit\^\ timtztix^tui, -eo^n-yh 

#:flrV^»6T*S (014^^x^10 5) . Cfx^co 
m»SM»D7 h- t s(C&Vvtffljt£;h.-Ov5rVtf§ 
£\ ts + nN (KnSi )«SCmI^XU»/ 

h#£WU«r£arn. Sr-tf^tf. mmzzti(><7)X 

a-y hizT?*x?m~e>iimimmLmft&mLx 
ixmmL®mmfLx\^zbfj : frh*'>x^z> 

( $ *>=SrWUf *ii£>Jit s CfcwcffliLSiiTuS ) 
frhX'hh. Z<r>Zbit. Ktoiyv-M&Mz, m% 
(f^SM*<-eii-rixq(C^LTX^i/jL-y >^:££ 

p-i^Njioii^t&xo y hiztt Lxmmtwm. 

-Afcioox^*-yy^£^^>fc-f*ifcf» «• 
S M<i . }iJ7Jtf- h q C2t LX&CD i 7 ls-AtC^S? 

Nxo-y h z T-m-&Zbi l z%&. zcoXoiz. ny^'a 

>)!fll?fc$fU> i i Nffl<7)XU-y h 

ilWn^ h^-ftim-r-tyhi,. ffl><DSMJ:>?i 
NXn-yhJ;!?^ ^iJ££*f & S M £ £tf £ £ li T* 



[0075] a^as{±«*aiv^<7)T'i>i.. zti 

it. fcfc;l»aiW«l«if*<Tfc. ji^LT/N'-y 
?D?'<D$>&VOQIi. fl&<7)SM<9*tJ5^&VOQ<7)fg 
CNB «k D £ < wc*- y h fx$ ill. d b li&t » 

t^-c^^r & s Mimmizm&cyfmnz zbiz 
[0 0 76] m^nm<r)i>bx'i±. saoa^ 
isii:iiis^:(tss??iii,fc<s^rix(f. -t^.xmt^u 

-7yhtt-f& (014CO^X^1O8) . 
[0077] CORPST-^f^f-ftOWKo 
i*)3Xyh£LX}5frWnilfKcL.Kc\'\ SMb'oL 

omx'x^i;^) y7tm&m-ttzMzm^t>ti$,m 

ftf-x>f >lt. WWytt:< t(.NI«XO -y VX'bh 

>t^g.-tz>tzibiz&m-t&zbtf*imx'h&. mt 

OlgtgJi, S M*<ri y V 3 J: 0 i£v v^3fe(c^^ t 
fctf*»DT*4^ *>J:3i:'»:^Xn-yhtfcv^T. g 

I. SM*>\ Isjt^^^yhtcJtLT^^ (ckOifiv^ 
lCtJ^T*Oflfct=^^s;ji-y y^Sfut^-y h<y>g 

8fc3BWi*jifirt. iwmitr, i-iioiwsii 
tiKiLfcSM^ zcommzxz^mtkx-woTif 

v-XrAti, JB^Jt i - 1 IWSM^AiW?? 
L^<7)i:|n|ttt®tc(i=2rvn dcoxy^i-^ti. m&) 

s. ^ntiy. imtoKmmizmxztLh^-Wx 

Timm:&£X'bZ> Z fc*«?ix& . 
[0078] CORPSli im<n7i<~Mzbtz*)n 
*r y hxi-iSjL- y >^$rj£(f S dtt'io xmmtM 

•y < ^1. t »H$-r i. - b It t o 1 1 

S. Z<r)tztb. -mbyyj 7?»titCORPS(0 

sx^va-yy^r^d'yXAtJt^T. vx-fA*> 

[0079] b77<7 ^ftmcJttS^'^ -y hSgfc 
K LTX ^ 7 1 - v y X |> tzib 

#<D)ttf>. »:<020<y)±^(R^$:-tS. 
[0 080] (i)-©h57-f •y^iiKSS. ti£V 
( i i ) #SM(Cil>7y/A^VOQ^jt-SJ? (0 
140^X^103) . 
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[0081] 5-Z.t>tltlSMmC0. tfclj;K- h- n&<D? 
-?••/ hVOQ*jL-Q..ijaW-4. 31 

m?Z>. Mimtzt^ S-thtt^xuv Hza^X. 1 
W\7 h # i ocOA^tf- h iz$<m?&W£W P T 

[0082] vocmmzmLx. 

T^r^^fa-Ji. x^-^'j.— 'J >y<r>tzMz*mmz 
MtRZtlZ i ) . m-oZ. ffS<0VOQ{e*tL 

t, ^^voQ^gf^rttiitf . iimmtiinmz' 

hh. Chipalkatti^f ( "Protocols for Optical 
Star-Coupler Network using M)M," IEEE Journal on S 
elected Areas in Communications, Vol. 11, NO. 4, M 
ay 1993) l,Zftot. -f^T<0VOQ<7)flJffl$#p"C;& 
£*§£\ 1OC0S MlZ&^zm&Ztl&gX'KWOQ, 

*j.-omnti+ (N-i ) ptzx-oz^tbtiz. 
[oo83]§^>(c. qtsmzmm-ttmcvimzm 

-7tz±'>-cmiRzti&mmti'Z>. <imm**-tf 

•gX'K^tW&LX^hMznLZ. rfclidOipJIStf 
%^t^o£X\ rtiqtJi^S. iR^jSOAoO 

[0084] r = pq = P /N ( 1 ) 

[0085] Q an CDJi*l£WmTcD£ o IZ^Mtt 

*—?p/K<7)®.mmz®.o. aw-c^n*. sm 
tz±^xm.zixhix^i&LWrta$%t>ti:\\ 
mat. $-tt>tit:xu>ybiztyuxmm<iX'mzz. 

MmZtUZik. miA<T)fX9\ 051Z®.-?X. X^i? 

y yyfrtzmLZtih^imffbh . ^n^x 

o-y ht^vCtf-hmt*tLTI^$ft3>ltWP 1) « 
ZhhWrS. tm^v btfSMizXiXMlRZtlZt 

T'tf)#8B$l^ A*7^-^ S = q ( 1 - P b ) 

ftmzfed. zzx'mmt-t^xcoiUjjx-hizMix 
m-x'bhox. ±tfzm-m*nt-tztwx'%h. 

/7=i+^[i+(^+i)(i-r; 

[009 1] CORPSlCkfttf. SMtmtlX^hX 
Q-yMi, Z<OXUy htfffltiiiJlX-UzMlXfficO 

[0 0 9 2] SM#<,vf*x*><D;K-r-£j9rW 



[0 086] 01 5ti. Q.^a-O'/y^fitffl 

li^fGeo (p/N)/Geo ( s ) /l 4f a.-(CjD 

y^-yMi. Ci^j.-iS:a5l>t. iiJifiiSD 
corpsSrS^S. .IftJi. CORPStfnyvaySrft? 

ISWotr-A*^* Xy?Xiz±'>X : ZTMtZti 
t. 

[0087] CORPStm&t&'tlrvhom&gm 
ii. Geo (p/N) /Geo ( s ) / 1 IZMtltm 
W&t. ¥*PSS <D corps > tvWzX-iXS-thix 
h (M. J. Karol, M. G. Hluchyj, S. P. Morgan, "Inp 
ut Versus Output Queuing ona Space-Division Packet 

Switch", IEEE Transactions on Communications, Vo 
1.00H-35, No.12. PP.1347-1356, Dec. 1987. #88) . 
Ztte. XOXoizmKZktfTZh (&*>. ite$+± 

m^-xmnx^^im^. mm**#x <> 
zw/jxmiLx^hi>cotm-X'bh) . 

[0088] 

[&1] 

tctzL. sit. Geo (s) m3friG<mmmK$> 
z.mz. <D cotts ycovrmz^xmm&. 
[0089] Q. n t>mmtuz {im>v- •■/ h*<G e o 

(p/N) /Geo ( s) /lfcJiS*:) VKojSWD 

mstt*mz t-r. sMmii mfLx^&xu 

v h*mLX\^Zt£m&LW+tllf%L>%^ 
(m\4<r)?x9i0 4) . xa ybiiK SMtio 

x. &ii#-b mz#Lxmiizti2>ii&mt:P l) n t-r 

•5. ZWZ, 5-z.t>tit:SMtf. 5-Ll>1xrz94J*xu 

p b n t-ri.. ztifrb. d5azm<ztt)<x'Z&. 

[0090] 
[»2] 

2[l-(l-r)^]1 



P 0 =l- (1-P 0 ") M (5) 

[0093] @14<0^X^10 4tCj:-5T^ti.ffl!# 

< D 0 > ti^fc J: ^T4^. hith . 
[0094] 
[S3] 
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Do = E NkP*(l - P 0 ) = N [ P \_ P ^ 2 -(" + 



(6) 



[0095] SMmtfglfllCifetotXn -y b**2<,vO> 
6<§£ {m\A<7)fX9\ 04. 1 0 5 . fcitfl 0 7 

tlX^&Ztiz**). n*r** h^^g@<D corpa > 
#NK&S£fc£iL.5<0{±^T'J>&. <D cotpa > > 

XD -y h fc» LT i - 1 ©OffeO SMtOT'Ji/'a 



e<S#LT. g®D c (iN*>£> i NiT'corax-Sip 

[D co[fs = jN I v=i ] fc-f£„ «iHT % m#*<7) 

[0096] 
[IS4] 



pp. 



= jW| v = l] = | J 



(7) 



[0097] ±IE^(±mC SMm*<XD -y h £tjSr*l 

£\ CORPSX^rvjL-7{±^*<5Dl7V-A^X^r 
yjL-'jy^f tfrLtX-tih. mz. SMs (s*m) 

0 

Pp«n-=jW|ii = i]= " 



{ir-C*>5C:i:$rSe-ti.i:. P [D C0tP6 = jN I v 

= i ] tm-z-msnitftox o izz&zt 

[0098] 
[IS53 



(j_J) ri_1 ( i - r r J 



(8) 



[0099] (8) <0±SJi. m^o-y h&WitlZ 

stv^itT'fcs,, rmco-m&mt. i-i*os 

- 1 ®<?> S M#m t iTffitttf& StV^o^tT* 

S>6. (D [Gips =jN^v=i ) <rm<r»%.<r>im 
ftmi. ±Mcnm.i,zi/N^thZtl,zi.^x^ 

lzm\ii-f&Zt1) i X'$&. Ktth. SMmtl. XOy 
*>U^T'J>6 (07#gS) . 

[0100] mz^ l-5<7)A-y-7 b«»3^igD c «<J: 

cox o ^mm-th z t a { T'£ & . 

[0101] 
[&6] 



NIN - 1) 
^=- L "2 Lr + N 



(9) 



[0 102] CORPSA^jL-^tiO^tS^ii 
mii&oiotzZZ,. 
[0 103] 
[&7] 



Ff = l + -[l + (JV + l)(l- 
(1 - r" +1 )l 

+ 2 + r - L Trr 2 | 



r) W - 



[0104] U-^^^gf^WiP b T-*>-2». Ziz 
fcL 5-z.t>titzlbJl*-hnlztiLX. ^f.toa 

tt^-fZtWX'Zh. 
[0 105] 
[&8] 
2[l-(l-r)"+'] 



(11) 



[0106] Geo (s) IZftlX. <S>=l/s 
X\ <S (S-l ) > =2 ( l-s)/s2-CJ>SClt 



[0107] 
[&9] 
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D = 



+ - + N 



(-&) ' 

+ — L "2 i r + JV 



1-Po 



-(Ar+i)^* 1 
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fcfc'U s = q ( 1-P b ) T'J>-S. ttfe)033(*. X 
[0108] 01 6fc. CORPSC^mmt^)^-r-y 

hemmmskt . corpsx^jl-^^si^i 

6X 1 6X4 'yf^'alz-yg !Xi Jt$U:itf>£ 

y^SSi:. CORPSSSfc«::ii^tf*>l>. 0*> 
[0 10 9] Zcomt. ftitO-t^TOgfflSrffltT. 

fcvvt. CORP StfoiKlifz^X^ZZtZim 
flfctu CORPSfcioT^tS^SMIi. g 
MfficoM&co&ZZiyl'- A*»£>, ft^'O. 8 5tz 

[01 1 0 ] §S££J»t5fc*>. 01 7K. 16X16 
CORPSE y ^zanh-kmmfTMWt^imt, 

0. 8*3^1^0. 8 5?>i§£tf)t>cDT'S>.&. £-f, \vf 
tunny >y h- i> „ >-^7 i ASriBi'tl>WfcN 2 xn >y h- 
J:D£<J±*>*^$:^::fcti£@$ft£>. Zixte. CO 
R P S -C«i#Mn y i? a ytf»z ZZktftLX^*^ 
ZtlzXh. 9m. ms&f—Mt* NV2=128 
tt&<r)bte<OX&b~>X^&i.olz%.l&. b*»U v 

ZT&m&izjz^fmizi'yxmmzti&mis. 

p(l-g) 



Erhgs = 



Dsup = 



piV 
2(1 -P) 



y-y r-ggliNUciScf < J: oX'hh. 
[011 1] 018<i. CORPSSrH^S^x-fA 
7o-y70T'&6. VOQMty'a-;Wl 
(5SJil^i-VOQfcAit&. ZCD^JjL-fU 
it. 5-tt>tlfc*3.-lzRb~>X. SMty'a-;H:S 
LTg**^. SMti/'a-W. ^'yfe-ygSL 
SrSflflPU CORPSX^yjt.-5Srl|3S-ri.. SM* 
voQMtjlflLT, i*mxn«/hfe 

dowcafcrts. ^<oa«t±voQMHfiy#$n, 

[0 112104', SMt?DXA'3yhD-7^ 
[0113] X^y'a- >J y^T^^'J £ ? L<9& 

*t*&?*4. mirmsmim^Afr-TvYx- 

hi. S&fc, VOQTmtt&xyiSj.-yCDfritt 

with. zzx\ *ftwtm£-r&x?i''*-7ti 
x. i-sLi prvrrg st o. mm 

co^TU~^ByX'ii^< HfP-i'ayoSL I P 

^^tR-rsaiJi. \mrv*x<7yj?m.<7>t:#>xh 

0 1 iHl^SSr-r S ZttfX'ZZt <55&t 

i-SLIP (i>l)ll xo-yhii 
ti vmmnxi-i;*.- y y^JgSr^t^ i: tcfr 

[0114] M-7*-vyxit^(ctJV%T. SftffBWi* 

h 77 -< >y ^ tJff^ RRG Sfc XlfS L I P<?>ggrC 
7 -7yxii»:<o J: 3 tj5<Rt-5 Z t *<T& S . 
[0115] 

imo] 



1 AT 



(13) 



(14) 



[0116] RRGsogmcowai. *aj«Afcj: 

6*|®¥1 1-1 7 2 584-t(C|BI8$nTtJ0. SL 
I P^lSStCO^Tti. N. HcKeown, "Scheduling Cell 
s inan Input-Queued Switch", PhD Thesis, Universit 



y of California at Berkeley, 1995, tfe®$flTV% 

[0 1 1 7 ] 01 9tC, Ztlt><r)T>HVXJ»<D¥-im 
hW^t-7yX&, CORPSfcft 
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corpse. mmtf±z<ti:2>mzii. slipjo 

J:3fc, £ft.60ttMW*MMi. nmcOi%£. RRG 
S&l^CORPS<O(J5*^0/h$V\ L*»U Irvf* 
tlO)7^V XJ* t . *gjg*>£>glr >ft?f T-li* 7 * y 
hggM'vx y r-£#tS. RRGSO^ Citli, 

£>i>. CORPSOi^ SUcgiBJUridtc, mintil 
IBiay^ayjlHfcfciftiO-CJbS. L*»U COR 
PSJi, RRGStlt^T2ocofiJ^i$rWrS. 

( i ) sMwt'ntittx-hzmsi'thtHz^Tmm 

( i i ) ®^(^¥=5:^^^a-7TfcS. 

SLI Pfcifc&Tfcx^A-^Tfc**^ -e^n'J 

^3«7ntXll CORPStf)*><7)fcJ±£<gyjr 

[01 18] Uaoidfc. CORPSIl fc'cOiti** 

oaiSr^-xS. -t&fc*.. #VOQM{±, 5-z.htlfz 

«r)TJV3VXJ±tiK CORPSfcHC VOQgtR 

mz^xmmttz. m^voQmiRxhyr-^Mh 

ssmx-hh. VOQMxh7fy'll tePWSiRXr- 

[0119] immwoQimxh voq 

(VOQM) ZbiZ^fhtlhiiCOX'ht. CORPSE 

^mzm^tiyyrj^mmxhyT^iiz^yxizm 

[012 0] m*-tt£&¥* 3.-4 V? (WFQ : Weig 
hted Fair Queuing) \t. rVrt h^&flFStfcfWcfcU 

Zhang, "Service Disciplines for Guaranteed Perfor 
nance Service in Packet-Switching Networks", in Pr 
oceedings of IEEE, Vol.83, no. 10, pp. 1374-13%, Oc 

1. 1995, mm) . **>*£*ijl ffi&mn\&.~> 

-txi>-h£mmi-Zb^di><r>X'2b&. VOQ c 

orpsx^ yf-tfcv^T. mux-b&mt. htm 

(OWZtmn y y- O- y fc J: o T*S&<0 V O Q M 

-f 6 .It *<0i§£K, WFQSrfljvVt, VO 

Q*x-<7>fe*c*-t'XW-h*<, 5-lt>tUzftj)#- 



1 0 1 2 1 ] U- bfflWV-t'X ( RC S : Rate-Contr 
oiled Service) H-X.htx.tzby 7 A 7?70 

*>y hV-^iyh'J^yhttKoi^N- 
Xb&fffljimz-ttEfctZ (L. Georgiadis, R. Gu 
erin, V. Pens, "Eff icientNetwork QoS Provisioning 
Based on per Node Traffic Shaping", Proceed ingsof 
INFOC0M96, vol.1. PP . 102-110, 19%, #88) . Ztlt> 
<m¥)l*-%tlZ. *-y YV—lW^viUztiVhYyy 
>r v 7 i<-x.-'Slz£~iXm>\ZtlZ> . Vy?4 
•y?vx-/^± % *ffiX4 vj-lZhBMZtl. hy7< 

•y?tf. *<vYv-?n<r>&^3mX4yhX'Ztih 
cW\mzfto£otz2ti&. hyy-t -y^x-vN-Ji- 

mz, y-df-/^. y h7)\>mxMz±~>x9mzi\ 

h, J. Turner, "New Directions in Communications, o 
r Which Way to the Information Age?", IEEE Connuni 
cations Magazine. Vol.24, pp.8-15, 1986, iZlt^ * 
(OXd ttT)Vdl 0 XK<r> 1 ivx v ^6 . «#W 

^rU-df— >N> y Mi, 2o?)*x- ( lolif-^ffl 
X\ 1 oli b- ? yf =5ri>^-- 5 -y hffl ) £#^6 
XT-AX'hh. **-±<J>r-*^iry Hi, tr-t*.X 

i%v&tzMzw-$ «y h^i^t-rs. sois^^ 

h77-( y^^x-yN-Ji:, VOQ^d^OV^-Tfi^- 

vxz%v&fr£mtfzizMzmmmx'$>&. mm 

%VOQcoo*>frt>ii. *x.-mmz&M<7>7>\sJVX 

[0122] ±IS^20i7)tr-h'Xfflmi, h* 
•yh<7-?lzt5V&-y—t'Xff a >g (QoS) O^-h 

fcfi6fflBrigT*o, ztim. mmm&ftmx'kh. 

ZCDXoKQoSVX-hXhyr-iSlt. 4mmm%f 

Jzr(ot>coiz%&zttf$>\,K Ztili. ttxr>hyy<-y 

?xbo-j>.ki* mmmz . voQ^m^titt-^ 

xm>Z8m.'?hZtlZti:hfrt > X'bZ>. ZOfyXiZ 
mth7)V3VXJ*\i.. h'T^^pxhO-J^co^o 

=5r, SLv^Qo sryv^-i- 3 yivx-b-t&xj 
v*Tmmmxs>&. 

l0123]W,mmVOQmiKXbyf x ^t. voqs 
7" yh«J:35:X^ •77-£#<?>^&£\,^&.<?&Zt 

f-Tffiffl-rs^i, Qosm^mzm-m^L 

tc, r-^h77^-y^Sr-^-h-ri.^-C*S. 
[0124] tSPWX r- 7fy<0i|^, «1COVOQ<7)« 
SO J: 3^jiJuffi«2:CORP SXy-iS*-yizimt 

tm&bh. ^^-mm^zm-th'tmit^z 
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[oi 25] &k-?-/i-><rmmtii. ^t^tuzfy 
<wm.zm:iz?z> x d ^rffl^y-fc -y h mx>h mm 

X'foh (Gormen, Leiserson and Rivest, "Introductio 
n to Algorithms", McGraw-Hill, 1990\ . Up 

*Wxn7ht-3cM^ny 7 > 

?Xg&£&*(C-t Wck2&V-yJ-y? (MB 
M : Max) bub Bipartite Matching) 
& (R. E. Tarjan, "Data Structures and Network Alg 
orithms". Society for Industrial and Applied Mathe 
matics, Pennsylvania, Nov. 1983, #fiB) . j^^^rff- 

E. Hopcroft, R. M. Karp, "An n*/* Algorithm for M 
ax i mum Matching in Bipartite Graphs", Society for 
Industrial and Applied Mathematics J. Comput. , 2 
(1973), pp. 225-231. #gg) . ^fgHfTCtt. VOQ*<£ 

%x'bht^i)wwmm\t. iiftf-x-f yzmixm 

t>tlX^ VOQM'CgSftS. ZZT. MBMT^^'J 
XMi, #:7l'-i»<DXn>y MCfc"<0*a-**^-t*X 

•M>a>£*fc5£-t&. wm^&x't>hw. corpsc 
-i>. m^^mm^^ti^imx-hh. 

10 1 26} &kM*-2&-? •yj-yT' (MWBM : Maxi 
mum Weight Bipartite Matching) fSJgti. ±I2<9MB 

MmmtmwLix^z. mrnxu. a* 

vmfro^fcmktt imco-t -y h £*#>i> z t x-h 

hZhX'foh. m<m^M\t. MWBMT^'JXA^r 
m^&t. #-«r-77-f -y^ttttt. X/l— 7*-y 

h^WtTMBMXh^T^'J: "V^sr-vyxaWi 
TV^,r££7j":LTv^.2> (N. McKeown, V. Anantharam, 

J. Walrand, "Achieving 100Z Throughput in an Inpu 
t-Queued Switch", Proceedings of Infocom%, San Fr 
ancisco, March 19%. #!80 . #£#1*. =*(•-« h 7 

[0127] JLIKlsKKcfcil'f. A7J h 77 4 y 

^'* ^ Sf^^t^rtET'fcslS , ). MWBMT/i^yxA-i-s 

t^&aj7Jtf-M;:*fLT. lfflW{ti7J^- r-'veOATJ r- 
77 -f y ^P-KOEW^O^ftSrSi.^rV^C 
r-77 4 •y^*^#(t^T'ftl.fcv^. ^aBMcSti 

cnVOQMizmZtl. ajTl^-KcittSS^SM^ 
t^ffSflSffC MWBMT^T-'JXA^qE^'i- 



[0 128] 

tuz, t-t, mm*7i—j*tt.Lxm??hV7xt: 
m^tz^mnoztizit). ?jj±xn yhm®w? 
^ffiHoe%rt>otb. mmmwm®%iz?&tm 

[0 129] *fKH(zJ:&ttHt?^>HDtf 
ytMrHyx'rVa.-y (corps) tciiifcf. 
?DXA^2X^ 7t7r 7*1) -y ?<0Alf[gT'O&-F3: 

XUy YWVrv hZAT-iSz.-Vyy't&ltlzX 
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